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SEMICONDUCTOR DEVICE HAVING
METAL SILICIDE FILMS FORMED ON
SOURCE AND DRAIN REGIONS AND
METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No.
2003-77648, filed Mar. 20, 2003, the entire contents of

which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a semiconductor device having
metal silicide films formed on a gate electrode and source
and drain regions and a method for manufacturing the same.

2. Description of the Related Art

In a CMOS semiconductor device, metal silicide films, for
example, N1 silicide films are formed 1n a self-alignment
manner on the gate electrode and source and drain regions
and the operation speed 1s enhanced by lowering the wiring
resistances thereof. For example, this 1s disclosed i T.
Ohguro et al. “Analysis of Anomalously Large Junction
Leakage Current of Nickel Silicided N-type Diffused Layer
and Its Improvement”, Extended Abstracts of the 1993
International Conference on Solid-State Devices and Mate-
rials, 1993, pp. 192-194.

After formation of the Ni silicide films, contact holes
which reach the source and drain regions are formed in an
inter-level isulating film 1n order to form contact plugs. In
a case where the contact holes are formed, the junction
leakage characteristic will be degraded when the N1 silicide
films and portions of the source and drain regions which lie
under the N1 silicide films are etched by a reactive ion
etching (RIE) process.

In order to prevent the junction leakage characteristic
from being degraded, a method for forming a contact liner
film having a high selective ratio with respect to the inter-
level isulating film on the entire surface containing the
silicide films before the inter-level insulating film 1s formed
1s used. Then, the etching process 1s performed 1n two stages,
that 1s, the inter-level insulating film and the contact liner
film are separately etched to form contact holes. Generally,
a silicon nitride film 1s used as the contact liner film.

Particularly, in an NMOS transistor region ol a CMOS
semiconductor device, there occurs a problem that the Ni
silicide films formed on the source and drain regions are
liable to be etched at the stage of a wet process which 1s a
process performed before formation of the contact liner film.
I1 the N1 silicide film 1s etched, the sheet resistance of the N1
silicide film increases and junction leakage occurs. Further,
the contact liner film formed on the N1 silicide films on the
source and drain regions 1s liable to be separated. If the
contact liner film 1s separated the separated contact liner film
causes dust, thereby making it difhicult to perform the
integration process after this.

Thus, 1n a conventional CMOS semiconductor device,
there occurs a problem that the N1 silicide films formed on
the source and drain regions of the NMOS transistor region
are liable to be etched. Further, there occurs a problem that
the contact liner film formed on the Ni silicide films on the
source and drain regions tends to be separated. Convention-
ally, 1t 1s desired to solve the above problems.
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2
BRIEF SUMMARY OF THE

INVENTION

According to a first aspect of the present invention, there
1s provided a semiconductor device comprises a p-type
silicon semiconductor region, an n-type diflusion region
formed 1n the surface region of the silicon semiconductor
region, an N1 silicide film formed in the surface region of the

n-type diflusion region, and a p-type impurity diffusion layer
formed to extend from the surface of the Ni silicide film 1n
the depth direction, wherein the p-type impurity diflusion
layer has an impurity profile 1n which a peak concentration
of not lower than 1E20 cm™ is provided in a preset depth
position of the Ni silicide film and the concentration in the
interface between the Ni silicide film and the n-type diffu-
sion region and in the position deeper than the interface 1s
not higher than 5E19 cm™

According to a second aspect of the present invention,
there 1s provided a manufacturing method of a semiconduc-
tor device comprises doping n-type impurity 1ons into a
selected position of a surface region of a p-type silicon
semiconductor region, doping p-type impurity ions into the
entire surface region of the silicon semiconductor region,
activating the n- type and p-type impurity ions to form an

n-type diffusion reglon in the surface region of the silicon
semiconductor region and form a p-type impurity diffusion
layer in the depth direction of the silicon semiconductor
region, and performing heat treatment to form an N1 silicide
f1lm on the surface region of the n-type diffusion region after
depositing Ni on the surface of the n-type diffusion region,
wherein the p-type impurity diffusion layer 1s formed after
formation of the N1 silicide film to provide an impurity
profile 1n which a peak concentration of not lower than 1E20
cm™ is provided in a preset depth position of the Ni silicide
film and the concentration in the interface between the Ni
silicide film and the n-type diffusion region and the concen-

tration 1n a position deeper than the interface are not higher
than SE19 cm™.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a cross-sectional view showing a CMOS semi-
conductor device according to a first embodiment of this
invention;

FIG. 2 1s a diagram showing an impurity profile along the
[I—II line of FIG. 1;

FIGS. 3A to 31 are cross-sectional views sequentially
showing the steps of a manufacturing method of the CMOS
semiconductor device according to the first embodiment;
and

FIGS. 4A and 4B are cross-sectional views showing parts
of steps of a manufacturing method of a CMOS semicon-
ductor device according to a third embodiment.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

There will now be described embodiments of this mnven-
tion with reference to the accompanying drawings.

FIG. 1 shows the cross-sectional structure of a CMOS
semiconductor device according to a first embodiment of
this invention. In FIG. 1, only an NMOS transistor region
among the CMOS semiconductor device in which an NMOS
transistor 1s formed 1s shown.

Element 1solation insulating films 12 are formed on the
surface region of a silicon substrate, for example, an n-type
silicon substrate (n-sub) 11. The n-type silicon substrate 11
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1s divided 1nto a plurality of element regions by the element
1solation regions 12. A p-type well region (p-well) 13 or
n-type well region (n-well) 1s formed 1n each of the element
regions. Further, n-type impurity, for example, As (Arsenic)
ions are diffused 1nto the surface region of each of the p-type
well regions 13 with a high concentration. Thus, a pair of
n*-type diffusion regions 14 which are used as source and
drain regions of an NMOS transistor are formed and sepa-
rated with a preset distance. A pair of n™-type diffusion
regions 15 into which an n-type impurity, for example, As
ions are diflused with a concentration lower than that of the
pair of n*-type diffusion regions 14 are formed on the
surface regions of the pair of n*-type diffusion regions 14.
The pair of n™-type diffusion regions 15 have a diffusion
depth shallower than that of the pair of n™-type diffusion
regions 14 and have an area larger than that of the pair of
n*-type diffusion regions 14. Generally, the pair of n™-type
diffusion regions 14 1s called extension regions. NiS1 films
16 are respectively formed on the surface regions of the pair
of n™-type diflusion regions 15. Further, a p-type impurity 1s
diffused 1nto the surface region of each n-type well region 13
with a high concentration. Thus, a pair of p*-type diffusion
regions which are used as source and drain regions of a
PMOS ftransistor are formed and separated with a preset
distance. Further, p*-type diffusion regions used to form
contacts are formed on the surface region of the p-type well
region 13.

A gate nsulating film 17 formed ot S10, (silicon oxide),
S10N (si1licon oxide-nitride), SiN (silicon nitride) or the like
1s formed on a portion of the substrate which lies between
the pair of n™-type diffusion regions 15. Further, a gate
clectrode 18 formed of, for example, polycrystalinesilicon
germanium or polycrystalinesilicon whose resistance 1s low-

ered by doping an impurity therein, 1s formed on the gate
insulating film 17. An NiS1 film 16 15 also formed on the

upper surface region of the gate electrode 18.

Silicon nitride films 19 are formed on the side walls of the
gate electrode 18 and on the surfaces of the n™-type diffusion
regions 15 around the gate electrode. Further, silicon oxide
film 20 1s formed on the silicon nitride film 19 formed on the
side walls of the gate electrode 18.

A silicon mitride film 21 used as a contact liner film 1s
formed on the entire surface of the substrate containing the
gate electrode 18. An inter-level insulating film 22 formed of
TEOS, BPSG, or SiN, for example, 1s deposited on the
silicon mitride film 21. A pair of contact holes 23 which reach
the surfaces of the NiS1 films 16 on the source and drain
regions are formed 1n the inter-level insulating film 22 and
silicon nitride film 21. A contact electrode 24 1s formed 1n
cach of the contact holes 23. The contact electrode 24 1is
formed of a barrier metal 24a formed of Ti/TiN, for
example, and a contact plug 245 formed of W.

Further, B 1ons or BF, 1ons are doped as p-type impurities
from the surface of the silicon substrate 1n the depth direc-
tion of the substrate and activated before formation of the
Ni1S1 films 16. The impurity profile along the II—II line in
FIG. 1 1s shown in FIG. 2.

In FIG. 2, a curve “a” indicates a variation in the impurity
concentration of the n-type impurity of the n™-type diffusion
region 15 and n™-type diffusion region 14, that is, As and a
curve “b” indicates a variation in the impurity concentration
of the p-type impurnity of B or F.

Further, a curve “c” in FIG. 2 indicates a variation in the
impurity concentration of the p-type impurity, for example,
B or F which is previously doped into the substrate surface
region 1n order to prevent the pair of n -type diffusion
regions 15 from being short-circuited when the gate size,
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particularly, the gate width, 1s reduced by chip shrink. The
impurity profile 1s generally called a Halo profile or Pocket
profile.

In the semiconductor device of this embodiment, the
p-type impurities of B 1ons or BF, 1ons are doped from the
surface of the Ni1S1 film 16 1n the depth direction. As shown
by the curve “b” of FIG. 2, the impurnity profile of the p-type
impurity 1s formed to have a peak concentration of not lower
than 1E20 cm™ in a preset depth position of the NiSi film
16, for example, 1n a depth position at a distance of 30 nm
from the substrate surface. Further, the impurity profile 1s
formed to have a concentration of not higher than 5SE19 cm™
in the interface between the NiSi film 16 and the n™-type
diffusion region 14 and in a position deeper than the inter-
face.

In this case, the Ni1S1 films 16 are formed on the n™-type
diffusion regions 14 containing the n-type impurity of As
with high concentration. Therefore, a compound formed of
As, N1, and O 1s present in the NiS1 film 16.

According to ivestigation by the inventors, the surface
state of the Ni1S1 film 16 becomes rough by the presence of
the compound. As a result, 1t becomes clear that the NiS1
film 16 1s liable to be etched when the 1nter-level imsulating
f1lm 22 1s etched and the silicon nitride film 21 formed as the
contact liner film formed on the NiS1 film 16 1s liable to be
separated.

In the semiconductor device of this embodiment, the
p-type impurity of B or F 1s doped from the surface of the
N1S1 film 16 1n the depth direction and B or F 1s present in
the surface region of the Ni1S1 film 16. Therefore, formation
of the compound formed of As, N1, and O as described
betore 1s suppressed 1n the Ni1S1 film 16, and as a result, the
surface state of the Ni1S1 film 16 can be improved. Thus, it
becomes ditlicult to etch the NiS1 film 16 when the inter-
level insulating film 22 1s etched and separation of the
silicon nitride film 21 used as the contact liner film formed
on the NiS1 film 16 can be suppressed.

Further, the p-type impurity of B or F 1s doped to provide
a peak concentration of not lower than 1E20 cm™ in a
position at a distance of 30 nm from the surface of the NiS1
film 16. Therelfore, the surface state of the Ni1S1 film 16 can
be improved to attain the anti-etching property of the NiSi
film 16 and the eflect of prevention from separation of the
s1licon nitride film 21 used as the contact liner film formed
on the NiS1 film 16 to a fully satisfactory degree.

In addition, the p-type impurity of B or F 1s doped so that
the impurity concentration 1n the interface between the NiS1
film 16 and the n™-type diffusion region 14 and in a position
deeper than the interface will not become higher than 5E19
cm ™. Therefore, the n-type impurity concentration in the
n*-type diffusion region 14 lying under the NiSi film 16 can
be kept suthliciently high and the resistance of the interface
between the NiSi1 film 16 and the n™-type diffusion region 14
can be lowered. By lowering the interface resistance, a rise
in the parasitic resistances of the source and drain regions
can be prevented.

Next, a manufacturing method of the first embodiment
when the semiconductor device of FIG. 1 1s manufactured 1s
explained.

First, as shown in FIG. 3A, element 1solation insulating
films 12 with a depth of 200 to 350 nm are formed on the
surface region of a silicon substrate, for example, an n-type
silicon substrate (n-sub) 11, by the buried method. The
n-type silicon substrate 11 i1s divided into a plurality of
clement regions by the presence of the element 1solation
insulating films 12. After this, a silicon oxide film with a film
thickness of 20 nm or less 1s formed on the entire surface.




Us 7,141,467 B2

S

Then, p-type/n-type well regions are formed, 1ons are
implanted and the RTA (rapid thermal oxidation) process 1s
performed to form the channel regions ol n-channel/p-
channel MOS ftransistors. As a typical ion implantation
condition, P (phosphorus) 10ons are doped into the portion 1n
which the n-type well region 1s formed with an acceleration
voltage of 500 keV and a dose amount of 3.0E13 cm™>.
Further, B (boron) 1ons are doped into the channel region of
the PMOS transistor formed 1n the n-type well region with
an acceleration voltage of 10 keV and a dose amount of
1.5E13 cm™>. B ions are doped into the portion in which the
p-type well region 1s formed with an acceleration voltage of
260 keV and a dose amount of 2.0E13 c¢cm™~. Further, As
(arsenic) 1ons are doped into the channel region of the
NMOS transistor formed in the p-type well region with an
acceleration voltage of 100 keV and a dose amount of
1.5E13 cm™”. In the following explanation, only the manu-
facturing process associated with an NMOS transistor region
in which an NMOS transistor 1s formed 1s explained. How-
ever, a PMOS transistor 1s formed in a PMOS transistor
region 1n a similar manner.

Next, a gate insulating film 17 formed of a silicon oxide
film with a film thickness of 1 to 6 nm 1s newly formed by
the thermal oxidation method or low-pressure chemical
vapor deposition (LP-CVD) method after the silicon oxide
film 1s removed. Then, a polycrystalinesilicon film or poly-
crystalinesilicon germanium film with a film thickness ot 50
to 200 nm 1s deposited on the entire surface. After this, for
example, the above film 1s patterned to have a width of 10
to 150 nm, for example, by use ol a photolithography
process, X-ray lithography process or electron beam lithog-
raphy process. Then, a gate electrode 18 1s formed by
selectively etching the polycrystalinesilicon film or poly-
crystalinesilicon germanium film by RIE.

Next, in order to form a Halo profile described betore, B
ions or BF, 1ons are doped into the entire surface region 1n
an oblique direction.

In the above explanation, a case wherein the gate 1nsu-
lating film 17 1s formed of S10, (silicon oxide) 1s explained.
However, it 1s also possible to form the insulating film by
use of an S10ON (silicon oxide-nitride) film, SiN (silicon
nitride) film, Ta,O; film which 1s a ferroelectric film, or the
like. Further, the gate electrode 18 can be formed with a
metal gate structure 1n which TiN, WN are used as a barrier
metal and W 1s laminated on the barrnier metal instead of the
polycrystalinesilicon film or polycrystalinesilicon germa-
nium film.

Then, after a silicon oxide film 1s formed with a film
thickness of 1 to 6 nm as a post-oxidation film by the thermal
oxidation method, a pair of n™-type diflusion regions 15 are
tformed on the surface region of the p-type well region 13 as
shown in FIG. 3B. The n™-type diffusion regions 15 are
tormed by doping As 10ns, for example, with an acceleration
voltage of 1 to 5 keV and a dose amount of 5.0E14 to 1.5E15
cm™~ and then performing the RTA process.

Next, as shown 1n FIG. 3C, a silicon nitride film 19 1s
deposited on the entire surtace by the LP-CVD method and
then a silicon oxide film 20 1s deposited.

After this, the silicon oxide film 20 and silicon nitride film
19 are etched back by anisotropic etching by use of the RIE
method. Thus, as shown 1 FIG. 3D, the silicon nitride film
19 1s left behind 1n a continuous form on part of the surface
of the n™-type diffusion regions 15 which lies on and around
the side walls of the gate electrode 18. Further, the silicon
oxide films 20 are left behind on parts of the silicon nitride
film 19 which lie on the side walls of the gate electrode 18.
Then, for example, As 10ons are i1on-implanted as n-type
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impurities into the p-type well region 13 with the gate
clectrode 18 used as a mask to from 1on-implantation
regions 14a which are used to form n™-type diffusion regions
14.

Next, as shown 1n FIG. 3E, for example, B or BF, 10ns are
implanted as p-type impurities into the entire surface portion
of the NMOS transistor region. In this case, the implantation
condition when the B 10ns are used as the p-type impurities
1s that the acceleration voltage 1s 0.5 to 1.5 keV and the dose
amount is 5.0E14 to 1.0E15 cm™ >, for example. Further,
when the BF, 1ons are used, the acceleration voltage 1s 5 to
10 keV and the dose amount is 5.0E14 to 1.0E15 cm™=. After
this, the RTA process 1s performed to activate the ions
implanted 1nto the 10n implantation regions 14a and form the
pair of n*-type diffusion regions 14. At this time, the B or
BF 10ns are activated to attain the impurity profile as shown
by the curve “b” of FIG. 2.

Then, after N1 1s deposited on the entire surface by the
sputtering method, the RTA process 1s performed for silici-
dation. The RTA process for silicidation 1s performed 1n a
temperature range of 400° C. to 500° C., for example. After
this, N1 which has not yet reacted 1s removed by a process
using a mixed solution of sultfuric acid and hydrogen per-
oxide. Then, as shown 1n FIG. 3F, NiS1 films 16 are formed
on the surface portions of the pair of n™-type diffusion
regions 15 and the upper surface region of the gate electrode
18.

TiN can be deposited after N1 1s deposited. Further, the
non-reacted N1 1s etched and removed by use of a mixed
solution of sulfuric acid and hydrogen peroxide after the

low-temperature RTA process 1s once performed at low
temperatures of 250° C. to 400° C. Then, the RTA process
of 400° C. to 300° C. 1s performed to lower the sheet

resistance. Thus, a two-step annealing process can be per-
formed.

After this, as shown 1in FIG. 3G, a silicon nitride film 21
used as a contact liner film 1s deposited on the entire surface.
The contact liner film 1s formed to prevent the NiS1 films 16
from being dug by the RIE process when contact holes are
formed 1n the later step and prevent junction leakage from
being degraded. It 1s necessary that the contact liner film 1s
a film having a high selective ratio at the time of RIE with
respect to an iter-level insulating film deposited after this.

Next, as shown 1n FIG. 3H, an inter-level insulating film
22 formed of, for example, TEOS, BPSG, SiN or the like 1s
deposited on the enftire surface and the chemical and
mechanical polishing (CMP) process 1s performed to make
the surface tlatten. Then, a photoresist 1s coated on the entire
surface and patterned by the photolithography process,
X-ray lithography process or electron beam lithography
process to form a resist mask having openings in positions
corresponding to the pair of Ni1S1 films 16 on the source and
drain regions. Next, the inter-level insulating film 22 and the
silicon nitride film 21 lying under the inter-level nsulating,
film are selectively etched and removed by the RIE process
using the resist mask to form a pair of contact holes 23 which
reach the surfaces of the pair of NiS1 films 16 on the source
and drain regions.

After this, as shown 1n FIG. 31, for example, a barrier
metal 24a formed of T1 or TiN 1s deposited on the entire
surface containing the internal portion of each contact hole
23. Then, after selective growth of W or after a contact plug
245 1s filled 1n each contact hole 23 1n a blanket form, the
CMP process 1s performed to form contact electrodes 24.
Finally, after a metal film used as wirings 1s deposited, the
metal film 1s patterned to form the wirings and thus a CMOS
semiconductor device 1s completed.




Us 7,141,467 B2

7

According to the manufacturing method of the first
embodiment, the p-type impurities of the B 10ons or BF, 1ons
are doped from the surface of the N1S1 film 16 1n the depth
direction and B or F 1s present 1n the surface region of the
NiS1 film 16. Theretfore, 1n the Ni1S1 film 16, formation of a
compound formed of As, N1, and O 1s suppressed and, as a
result, the surface state of the N1S1 film 16 can be improved.
Thus, 1t becomes diflicult to etch the NiS1 film 16 when the
inter-level insulating film 22 1s selectively etched to form the
contact holes 23. Further, separation of the silicon nitride
f1lm 21 used as the contact liner film formed on the N1S1 film
16 can be prevented.

The p-type impurity of B or F 1s doped to provide a peak
concentration of not lower than 1E20 cm™ in a position at
a depth of 30 nm from the surface of the NiS1 film 16.
Therefore, the surface state of the NiS1 film 16 can be
improved to attain the anti-etching property of the N1S1 film
16 and the eflect of prevention from separation of the silicon
nitride film 21 used as the contact liner film formed on the
NiS1 film 16 to a fully satisfactory degree.

In addition, the p-type impurity of B or F 1s doped so that
the impurity concentration in the interface between the NiS1
film 16 and the n*-type diflusion region 14 and 1n a position
deeper than the interface will not become higher than 5E19
cm . Therefore, the n-type impurity concentration in the
n*-type diffusion region 14 lying under the NiS1 film 16 can
be kept sufliciently high and the resistance of the interface
between the N1S1 film 16 and the n™-type diffusion region 14
can be lowered. By lowering the interface resistance, a rise
in the parasitic resistances of the source and drain regions
can be prevented.

Next, a manufacturing method of the second embodiment
used when the semiconductor device of FIG. 1 1s manufac-
tured 1s explained.

In the manufacturing method of the first embodiment, one
example 1s explained. In this example, the 1on-1mplantation
regions 14a used to form the n*-type diffusion regions 14 are
tformed and then, for example, the B 1ons or BF, 1ons used
as the p-type impurities are implanted into the entire surface
portion of the NMOS ftransistor region. After this, the RTA
process 1s performed to activate the 1ons implanted into the
ion-implantation regions 14a so as to form the pair of
n™-type diffusion regions 14 and activate B or BF.,.

On the other hand, in the manufacturing method of the
second embodiment, for example, B 1ons or BF, 1ons are
implanted as the p-type impurities into the entire surface
portion of the NMOS transistor region before forming the
ion-implantation regions 14a shown in FIG. 3D. After this,
the 1on-1mplantation regions 14a are formed and then the
RTA process 1s performed to activate the 1ons implanted into
the 1on-implantation regions 14a so as to form the pair of
n*-type diflusion regions 14 and activate B or BF,,.

That 1s, 1n the manufacturing method of the second
embodiment, the order of implantation of the n-type impu-
rity ions to form the n™-type diffusion regions 14 and
implantation of the p-type impurity 1ons to form an impurity
profile shown by the curve “b” 1n FIG. 2 1s reversed with
respect to that in the manufacturing method of the first
embodiment.

In the manufacturing method of the second embodiment,
the same ellect as that obtained 1n the manufacturing method
of the first embodiment can be attained.

Next, a manufacturing method of the third embodiment
used when the semiconductor device of FIG. 1 1s manufac-
tured 1s explained.

In the manufacturing method of the first embodiment, the
ion-implantation regions 14a shown i FIG. 3D are not
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activated immediately after they are formed. Instead, after
the B 1ons or BF, 1ons are implanted, the RTA process 1s
performed to activate the i1ons implanted into the 10n-
implantation regions 14a so as to form the pair of n™-type
diffusion regions 14 and activate B or BF..

On the other hand, 1n the manufacturing method of the
third embodiment, the RTA process 1s performed immedi-
ately after formation of the i1on-implantation regions 14a
shown 1n FIG. 3D to activate the implanted 10ns so as to
form a pair of n*-type diffusion regions 14 as shown in FIG.
4A.

Then, as shown in FIG. 4B, for example, B 10ns or BF,
ions are implanted as the p-type impurities into the entire
surface portion of the NMOS ftransistor region. As 1n the
case of the method 1n the first and second embodiments, at
the 1on-implantation time, the implantation condition set
when the B 10ns are used as the p-type impurity 1s that the
acceleration voltage 1s 0.5 to 1.5 keV and the dose amount
is 5.0E14 to 1.0E15 cm™*. Further, when the BF, ions are
used, the acceleration voltage 1s 5 to 10 keV and the dose
amount is 5.0E14 to 1.0E15 cm™>. By the above ion implan-
tation, the substrate surface portion 1s formed into an amor-
phous form.

After this, the same process as that performed after the
latter half of the step shown 1n FIG. 3E 1n the method of the
first embodiment, that 1s, activation of the B 1ons or BF,
ions, deposition of N1, RTA for silicidation, deposition of a
contact liner film (silicon mitride film 21), deposition of an
inter-level isulating film 22, formation of contact holes 23
and formation of contact electrodes 24 are sequentially
performed to form a CMOS semiconductor device.

In the manufacturing method of the third embodiment, the
same ellect as that of the manufacturing method 1n the first
and second embodiments can be attained.

Further, in the manufacturing method of the third embodi-
ment, the NiS1 films 16 are formed while the substrate
surface portion 1s formed 1n an amorphous form. Therefore,
the eflect of prevention from separation of the silicon nitride
film 21 which 1s a contact liner film formed on the N1S1 film
16 can be further enhanced.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A manufacturing method of a semiconductor device
comprising;

doping n-type impurity 1ons into a selected portion of a

surface region of a p-type silicon semiconductor
region;

doping p-type impurity ions mnto portions of a surface

region of the silicon semiconductor region;

activating the n-type and p-type impurity 1ons to form an

n-type diflusion region in the surface region of the
silicon semiconductor region and form a p-type diflu-
ston layer 1n a depth direction of the silicon semicon-
ductor region; and

performing heat treatment to form a N1 silicide film 1n a

surface region of the n-type diflusion region after
depositing Ni on the surface region of the n-type
diffusion region,

wherein after formation of the Ni silicide film, the p-type

diffusion layer has an impurity profile 1n which a peak
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concentration of not lower than 1E20 cm™ is provided
in a preset depth position of the N1 suicide film and a
concentration of the p-type diffusion layer 1n an inter-
face between the Ni suicide film and the n-type diflu-
sion region and a concentration of the p-type diffusion
layer 1n a position deeper than the interface are not
higher than 5E19 cm™

2. A manufacturing method of the semiconductor device
according to claim 1, wherein one of B and BF, ions 1s
doped as the p-type impurnity.

3. A manufacturing method of the semiconductor device
according to claim 1, wherein the p-type impurity 1ons are
doped to provide a peak concentration in a position at a
depth of 30 nm from a surface of the N1 suicide film.

4. A manufacturing method of the semiconductor device
according to claim 1, further comprising;

forming a contact liner film on an entire surface of the

silicon semiconductor region after forming the Ni1 sili-

cide film:;

forming an inter-level insulating film on the entire sur-

face;
forming an opening portion which reaches the surface
region of the n-type diffusion region 1n the inter-level
insulating film and the contact liner film; and

forming an electrode 1n contact with the surface region of
the n-type diffusion region in the opening portion.

5. A manufacturing method of the semiconductor device
according to claam 1, wherein the p-type 10ons are doped to
provide a peak concentration in the N1 silicide film.

6. A manufacturing method of a semiconductor device
comprising;

doping p-type impurity ions into portions of a surface

region ol a p-type silicon semiconductor region;
doping n-type impurity ions 1nto a selected position of the
surface region of the silicon semiconductor region;

activating the p-type and n-type impurity ions to form a

p-type diffusion layer 1n a depth direction of the silicon
semiconductor region and form an n-type diffusion
region on the surface portion of the silicon semicon-
ductor region; and

performing heat treatment to form a Ni silicide film on a

surface region of the n-type diffusion region after
depositing N1 on the surface region of the n-type
diffusion region,

wherein after formation of the N1 silicide film, the p-type

diffusion layer has an impurity profile 1n whlch a peak
concentration of not lower than 1E20 cm™ is provided
in a preset depth position of the Ni silicide film and a
concentration of the p-type diffusion layer in an inter-
face between the Ni silicide film and the n-type diffu-
sion region and the concentration of the p-type diflu-
s1on layer in a position deeper than the interface are not
higher than 5E19 cm™

7. A manufacturing method of the semiconductor device
according to claim 6, wherein one of B and BF, 1ons 1s
doped as the p-type impurity.

8. A manufacturing method of the semiconductor device
according to claim 6, wherein the p-type impurity ions are
doped to provide a peak concentration 1 a position at a
depth of 30 nm from a surface of the N1 silicide film.

9. A manufacturing method of the semiconductor device
according to claim 6, further comprising:

forming a contact liner film an entire surface of the silicon

semiconductor region after forming the N1 silicide film;
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forming an inter-level insulating film on the entire sur-
face;

forming an opening portion which reaches the surface
region of the n-type diffusion region 1n the inter-level
isulating film and the contact liner film; and

forming an electrode in contact with the surface region of
the n-type diflusion region in the opening portion.

10. A manufacturing method of the semiconductor device
according to claim 6, wherein the p-type 1ons are doped to
provide a peak concentration in the Ni suicide film.

11. A manufacturing method of a semiconductor device
comprising;
doping n-type impurity 1ons into a selected position of a
surface region of a p-type silicon semiconductor
region;
activating the n-type impurity ions to form an n-type

diffusion region on a surface portion of the silicon
semiconductor region;

doping p-type impurity ions mnto portions of a surface
portion of the silicon semiconductor region to form the
surface portion of the silicon semiconductor region in
an amorphous form;

activating the p-type impurity 1ons to form a p-type
diffusion region in a depth direction of the silicon
semiconductor region; and

performing heat treatment to form a Ni silicide film on a
surface region of the n-type diflusion region after
depositing Ni on the surface region of the n-type
diffusion region,

wherein after formation of the Ni silicide film, the p-type
diffusion layer has an impurity profile 1n which a peak
concentration of not lower than 1E20 cm™ is provided
in a preset dept“l position of the N1 silicide film and a
concentration of the p-type diffusion layer 1n an inter-
face between the Ni suicide film and the n-type difiu-
ston region and the concentration of the p-type diffu-

s1on layer 1n a position deeper than the interface are not
higher than 5E19 cm™

12. A manufacturing method of the semiconductor device
according to claim 11, wherein one of B and BF, 1ons is
doped as the p-type impurnity.

13. A manufacturing method of the semiconductor device
according to claim 11, wherein the p-type impurity ions are
doped to provide a peak concentration 1 a position at a
depth of 30 nm from a surface of the N1 suicide film.

14. A manufacturing method of the semiconductor device
according to claim 11, further comprising:

forming a contact liner film on the entire surface after
forming the Ni suicide film;

forming an inter-level insulating film on the entire sur-
face;

forming an opening portion which reaches a surface of the
n-type diffusion region 1n the inter-level insulating film
and the contact liner film; and

forming an electrode in contact with the surface of the
n-type diflusion region in the opening portion.

15. A manufacturing method of the semiconductor device
according to claim 11, wherein the p-type 1ons are doped to
provide a peak concentration in the N1 suicide film.
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